S.1. Catalyst structures
-MOR (Mordenite) zeolite has 12-and 8-membered ring channels distributed parallel to the c-axis. These systems are connected by 8-ring channels parallel to the b-axis. Channel dimensions are 6.5 Å x 7.0 Å and 5.7 Å x 2.6 Å for the 12-and 8-membered rings, respectively [1] . The eight rings are not accessible to any diffusing species. The perpendicular eight-ring channels that run in the b-direction are very tortuous, leading to the so-called side pockets to the 12 rings. Thus, molecules are unlikely to pass through the eight rings because of steric limitations. Mordenite is in real terms, a one-dimensional 12-ring system.
-TON (ZSM-22) is a one-dimensional 10-ring zeolite. The 10-ring channels are elliptical and slightly zigzag in shape with dimensions 5.7 Å × 4.6 Å. The maximum diameter of a sphere that can be included in the channels of ZSM-22 is 5.71 Å [1] .
-MFI (ZSM-5): ZSM-5 is a three-dimensional medium pore zeolite made from interconnecting straight and sinusoidal 10-ring channels. The straight channels have dimensions of 5.3 × 5.5 Å and the sinusoidal ones 5.4 Å × 5.6 Å. The maximum diameter of a sphere that can be fitted in the channels of ZSM-5 is 6.36 Å [1] .
-*BEA (Beta) zeolite is a disordered structure made of three intergrown polymorphs A, B, and C [2] .
Polymorphs have a three-dimensional 12-ring channel. Polymorphs are individually ordered, but the stacking produce a disordered structure along the c-axis. All polymorphs have two linear channel systems, mutually orthogonal and perpendicular to the c-axis. These two linear channels intersect producing a third channel system, parallel to the c-axis and with sinusoidal shape. Linear channels have the dimensions 6.6 Å x 7.7 Å. and the third channel, highly tortuous is smaller with dimensions of 5.6 Å x 5.6 Å [1].
-CHA (SAPO-34) is a zeotype material having the chabazite topology with a three dimensional small pore structure, made of Si Al and P as T-atoms. The pore system in SAPO-34 catalyst is formed by large cages constructed by 12 ring openings that are connected with 8-ring windows of 3.8 Å × 3.8 Å dimensions. The maximum diameter of a sphere that can be included in the cages of SAPO-34 is 7.37 Å [1] . 
S.2. General catalyst characterization
Figure S.2 shows the diffractograms of the 5 different samples used in this study. Blue curves represent the experimental data, the red curves show the diffractograms using Le Bail refinement, and the difference between the experimental and the refined values is depicted in black. According to the results, all samples display their crystallinity and high purity. It is worthwhile noting that in the case of Beta, the differences between experiment and simulation are the largest, due to the fact that beta is made of 3 different polymorphs that are not considered in the model. Moreover, the peak broadening is additionally assigned as the small particle size of this material. As shown in Table S .2, with the exception of Beta zeolite, the micropore volume for fresh catalysts does not show large differences with respect the method used for its determination. The fact that adsorption isotherm in Beta does not reach a horizontal plateau at p/p 0 = 0.2 is the source of the dissimilarity in micropore volume. . A shoulder at ~3580 cm -1 is due to terminal silanols. In the CO stretching region, the band for CO interacting with Brønsted sites is observed at 2176 cm -1 whereas for the CO adsorbed on silanols, the band is observed at 2155 cm -1 . A weak band at ~2230 cm -1 is observed, assigned to CO adsorbed on strong Lewis sites, ascribed in the literature to highly uncoordinated Al 3+ [5] [6] [7] [8] . Additionally, the band at 2135 cm , respectively. The silanol band is asymmetric, with a tail towards the lower wavenumbers which is associated to different silanol groups. The isolated silanols are shown by the sharp peak at 3744 cm -1 while the tail is due to terminal silanols. Upon CO adsorption, hydroxyl groups were perturbed. It is observed that bridging Brønsted acid sites band at 3603 cm -1 erodes while a new band at 3280 cm -1 appears. presence of a bulk alumina phase) cannot be excluded as such frequencies are overlapping with the major features of the CO interacting with the Brønsted sites [7, 8] . . Upon CO adsorption the Brønsted band is shifted to 3279 cm -1 and the corresponding CO stretching mode is observed at 2172 cm -1
.
As the intensity of the original silanol band is very weak, the perturbation band is hardly detected at ~3620 cm -1 in the OH stretching region. In this particular zeolite, there is no band detected around 2155 cm . This high intensity of the silanol band can be expected for zeolites with small particle size, as it is the case in this Beta sample, where there is a larger external surface (i.e. more isolated silanols) with respect to the bulk. A further signal detected at 3782 cm -1 clearly suggests the presence of Al-OH groups of a bulk alumina phase [11] .
When CO was dosed, the stretching vibration of Brønsted sites was shifted to 3296 cm -1 whereas the silanols were shifted to 3650 cm Upon adsorption of pyridine, observed in the bottom panel, the inset graph shows that all the Brønsted sites were consumed, but the decrease in the silanol band was not complete. Conversely the small peak at 3782 cm -1 is totally consumed upon interaction. After evacuation for 2 hours at 200 °C, the spectrum observed in allowed to quantify the different acid sites. In this last case, the pyridine ring stretching region evidences the particularly strong contribution due to the Lewis sites, confirming the presence of both isolated Al 3+ uncoordinated sites and extended alumina phases. In the case of SAPO-34, as the dimensions of the 8 membered ring channels are smaller than the kinetic diameter of pyridine, CO was the only probe molecule used. The spectrum of the dehydrated zeolite is shown in red in Figure S .9. The spectrum displays a doublet assigned to Brønsted acid sites. The high frequency vibration at 3625 cm -1 has a higher intensity compared to the band at 3600 cm -1 . There are other bands observed at 3740 cm -1 and 3680 cm -1 associated to Si-OH and P-OH species as it has been previously described [12] . Upon interaction with CO, the doublet of Brønsted sites erodes and a band with the maximum at 3348 cm -1 appears. In the CO stretching region, the polarization of CO by strong Brønsted sites is observed by the peak at 2170 cm -1 whereas the CO physisorbed in the channels is observed at 2141 cm -1 .
Figure S.9. FTIR spectra of SAPO-34 upon interaction with CO in the OH region (left) and in the CO region (right).
S.3. Influence of pre-treatment conditions in partially deactivated catalysts on BET area
In order to measure the BET surface area on partially deactivated catalysts water has to be the only compound desorbed from the catalyst. The influence of pre-treatment conditions was investigated using four partially deactivated samples with different extent of deactivation: two completely deactivated Mordenite and ZSM-22 samples and two additional Mordenite samples which were used in the conversion of methanol to hydrocarbons for 15 and 25 minutes, respectively.
Samples were pre-treated in in a two-step procedure. First, the catalysts were outgassed for 1 hour at 80 °C followed by 3 hours treatment. In this second step samples were exposed to three different temperatures:
150, 200 and 250 °C. Results show that the BET surface area was unmodified by the temperature used of the second pre-treatment step. We chose 200 °C for the evacuation of the coked samples. It should be noted that this quantitative analysis constitutes an estimate that will be on the low side.
Several issues contribute to this. First, we carry out only one extraction with organic solvent. This was done in order to minimize volumes and to avoid dilution of the extracts. Second, the acidic water phase is not neutralized, meaning that some compounds with very high proton affinity might be retained in the water phase. We decided against neutralization, as this generates heat, which in some cases leads to violent boiling in the Teflon tube. Third, very volatile retained compounds (like methanol/DMEN, species derived from surface methoxy groups, and butanes and pentanes, which will be trapped in SAPO-34) elute before or with the solvent during GC analysis and are thus also not detected.
S.4.1 Mordenite
Figure S.12. Chromatograms showing the soluble coke compounds detected in Mordenite when the dissolution-extraction experiment was applied. Ortho-Cl-Toluene was used as internal standard and it is shown with the dotted line.
S.4.2 ZSM-22
Figure S. 13 Chromatograms of the soluble coke compounds detected in ZSM-22 in dissolution-extraction experiment. Ortho-ClToluene was used as internal standard and it is shown with the dotted line.
S.4.3 ZSM-5
Figure S.14 Chromatograms of the soluble coke compounds detected in ZSM-5 in dissolution-extraction experiment. Ortho-ClToluene was used as internal standard and it is shown with the dotted line.
S.4.4 BETA
Figure S. 15 Chromatograms of the soluble coke compounds detected in BETA zeolite in dissolution-extraction experiment. OrthoCl-Toluene was used as internal standard and it is shown with the dotted line.
S.4.5 SAPO-34
Figure S.16 Chromatograms of the soluble coke compounds detected in SAPO-34 in dissolution-extraction experiment. Ortho-ClToluene was used as internal standard and it is shown with the dotted line. , medium intensities), and zeolite ring modes (500-300 cm -1 , strong intensities). Once the zeolite is deactivated, none of these bands are observable and the spectrum is dominated by contributions from the carbonaceous species.
S.5 Activity -deactivation relationships
S.7 Additional comparisons among catalysts. 
S.8 Estimation of the location of coke
By combining the experimental results from TGA and gas adsorption experiments, it is possible to estimate the amounts of coke located on the external surface and in the internal structure [13] . TGA provides the total amount of coke (internal + external) and it is assumed that the reduction in micropore volume in the partially deactivated samples relative to the fresh catalysts corresponds to the coke located in the micropores (internal coke) [14, 15] by assuming 1.22 g cm -3 as the density of coke [15] . The external coke is found by subtraction between the total and the internal coke.
Results show that this method substantially overestimates the amount of external coke in all materials. Table S . 4 Comparison of the total coke (TG) and the internal coke calculated from the reduction in micropore volume in the partially deactivated ZSM-22 samples.
TableS.5
Comparison of the total coke (TG) and the internal coke calculated from the reduction in micropore volume in the partially deactivated ZSM-5samples Table S . 6 Comparison of the total coke (TG) and the internal coke calculated from the reduction in micropore volume in the partially deactivated samples of Beta. 
